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Basic expressions 
Average expression 


1 t 
Xavg = af a(t)dt 
RMS expression 
i 


T 
Xrms = =f x? (t)dt 
0 


N 


Xrms = pa, x? rms 


Fourier series 


co 


f(t) =ao+ So [ancos(nwot) + by sin(nwot)] 


n=1 
T/2 
=z] {4 
T/2 
= oily f (t)cos(nwot)dt 
T/2 


Me 
=| )sin(nwot) dt 
er T/2 


where, 


Power and Energy 
Instantaneous Powerp(t) = v(t)i(t) 


1 stot? Ww 

AveragepowerP = — t)dt = — 

gep Fa | : p(t) $ 
Averagepower Pac = Vaclavg 
ApparentPowerS = VrmsIrms 


S= V3Vi—L,rmsls,rms 
ReactivepowerQ = VrmsIrmssin(0 — ¢) 


ta 
Energy(W) = | p(t)dt 
t1 


i fe 
W = | 
0 


Power factor(pf) = = 


Inductor 


di 
Volt => = L— 
oltage UL = 7 


1 
Currentiy = 7 fu (dt) + Ip- 


1 
Energyw(t) = se (t) 


al 
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Capacitor 
Cc tig = ee 
urrentic = C— 
1 
Voltageve = c fictas + Vo- 
1 
Energyw(t) = gov (e) 
1 
T= 
RC 
Phasors 


Impedance(Z) = ,/R?2 + (wL)? 
= tan1() 
R 
Half wave rectifier with RL load 
Eee 2 [sin(u —O0)+ sin(o)e~*t/="] for0 <wt < B 
wt) — 


B<wt<20 


For controlled rectifier 





j Lye sin(at 0) — sin(a pjelean/er| fora<wt <6 
(wt) = 


otherwise 
1 B 
Vo = =f Vmsin(wt)d(wt) = NOR pay — cos) 
27 Jb x 20 
With free wheeling diode 


Vane Vinx. =~ Vin 
t) = — — ot) — BU 
v(t) 7 + 5 sin(wot) ee. i= peo ) 


With source inductance 





Vo = Yin (1+ cosu) = Ven (2 aes | 


27 T 


Full wave rectifier 
Full wave rectified waveform fourier is 


volt) = 2 + > (Mal ——) ) cos(nssnt + 2) 


n=2,4... 





Ripple voltage for C filter 





Ri ee = Me 
wRC 2fRC 
With LC filter 
In CCM by: 
Y= —™ 
wT 
2Vm 
Lp = 
ad TR 
38wL 
—>1l 
R 
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In DCM average inductor current. 
slam ca 
in=— i — | Vin (cosa — coswt) — Vo(wt — a)| d(wt) 
TJ wl 
RLE load CCM ates 
Y-E =m™-#E 
R R 





Uo(t) = Vo + SS Vncos(nwot + 7) 








n=2,4.. 
2Vm — 2Vm 1 1 
where, VCo = = and Vn = (4 at) 
Full controlled with RL load 
DCM 





to(wt) = vn [sin(wt — 0) — sin(a — 6) 
et) /¥T) fora < wt < B 


B<atn = DCM 


a< tan~ (=) 
R 


Uo(wt) = Vo + a Vncos(nwot + On) 


n=1 


For CCM 


a+n 
Vo = ~ | Vin sin(wt)d(wt) = 2Vm 


Tv 
Vn = 4/a2 + b2 





cosa 


The harmonics are 

















where, 
2Vim = +1)a  cos(n— a<| 
an = 
T n+1 n—-1 
2Vm =“ +1)a _— sin(n— «| 
bn = 
wT n+l n—-1 
Vo = —" cosa 
Tv 
Three phase full wave rectifier 
Uncontrolled with R load 
co 
Uo(t) = Vo + ye Vncos(nwot + 7) 
n=6,12,18,... 
where, 
1, 25/8 3Vin,L— 
Vo = =| Vin, L—Lsin(wt)d(wt) = Som key, 
n/3 n/3 TT 
The amplitudes of the ac voltage terms are 
6Vm,L—L 
Vn = + 
" e(n? = 1) 


for n=6,12,18,... 
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DC-DC converters - CCM 


ton t 























on 
alee 
ton + tof f T onds 
Imax = Ip, + Ain and Imin = In — Aix 
Buck converter 
Vo = DV; 
Minimum inductance Lyin 
Lo = (1-D)R 
min — of 
a Vo — D) 
Aizfs 
Output capacitor C 
1—D 
C= —_—_ 
8L(AVo/Vo) f? 
Ait = (4¢%) pr 
Boost converter 
Vs 
Y= 
° 1=D 
Minimum inductance Lyin 
Phpets D(1—D)?R 
min — of 
_ VsD 
~ Ainf 
Output capacitor C 
D 
C= —____ 
R(AVo/Vo) f 
Air, = (Y)er 
Buck-Boost converter 
D 
a Gea) 
Minimum inductance Lyin 
1—D)?R 
Lmin = ( ) 
2f 
_ V;D 
«fiz 
Output capacitor C 
D 
C= —_——. 
R(AVo/Vo) f 


- _ VsDT 
Air Se 


Flyback converter 








vo=¥a(525)(5a) 


(1—D)2R/N2\? 
af (S) 

_ VsD 

~f Mim 


Minimum inductance Lyin 


(Lm) min — 





(52) 


53) 


54) 


55) 





56) 


57) 


58) 


59) 





60) 


61) 


62) 


63) 





64) 


(65) 


(66) 


(67) 


Output capacitor C 


VsD 
Lm 


Forward converter 


Aipm = 


w=uo(3) 
Ni 


Output capacitor C 
AV,  1-D 
Vo RLzCf?2 


VsD 


Aipm= r 


DC-AC inverters 
Square wave inverter(RL series load) 


V, V, = 
Ye + (min — Ye )e ter forO< t<F 











to(t) = 
tae n (Fnae Nye et) /r for z < t< Tv 
— e—(T/2r) 
Imax = —Imin = Yaad i 
R \iten@7e) 











ae T/2 2 
Irms = es / ? (t)d(t) = = j oS t (Jmin Vac ) er] dt 
T Jo T Jo R R 


AV, 
Vo(t) = Ds —* sinnwot 








1,3,5.. 
2 72 
THD = yoetey (Vn,rms) = Vitms Vivrms 
Visrms Visrms 
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Quasi Square wave inverter(RL series load) 


Ly [So / 2 
Vrms = - | V2 d(wt) = Vae 1- eed 
Tide T 














DQ fiero AV, 
Un = =f Vacsin(nwot)d(wot) = ae cos(na) 
T Ja nt 
AV, 
VY, = ( ©) cosa 
TT 
PWM inverter 
fearrier firi 
mer = = 
freference fine 
Vin,reference Vin, sine 
Mea = = 
Vin,carrier Vin,tri 


Bipolar PWM inverter 
Uo(t) = De Vn sin(nwo )t 
n=1 


6 step inverter 





2 2 
Veep 5 = | Vac 2 + cos(“) cos(" *)]| for n=1,5,7, 11,13... 
: 3nT 3 3 


3 phase PWM inverter 


where, 





An3 = Vnsin 


Bn3 = Vncos 
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